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@ STRUCTURE OF ROTOR OF SYNCHRONOUS MOTOR. 
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@ A rotor (10) is divided into 2" rotor elements 
(101, 102. 103, 104) to eliminate n kinds or the 
component (A, B) of the torque ripple of a synchro- 
nous motor. In order to eliminate the first component 
(A) of the torque ripple, the two rotor elements of 
each of 2"*^ rotor element pairs (101, 102; 103, 104) 
are shifted from each other by an angle correspond- 
ing to the half of the wavelength (X) of the first 
component. In order to eliminate the second compo- 
nent (B), the 2"'^ rotor element pairs are divided into 
2"'^ rotor element groups, each of which comprises 
the two pairs that are shifted from each other by an 
angle corresponding to the half of the wavelength (y) 
of the second component. The shifting is repeated 
until the n-th torque ripple component is eliminated, 
thus constructing a rotor. 
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Namely, the rotor element 102 at the second stage 
is circumferentially shifted from the rotor element 
101 at the first stage by a physical angle cor- 
responding to a half of the wavelength X, and the 
rotor element 104 at the fourth stage is circum- 
ferentialty shifted from the rotor element 103 at the 
third stage by the same physical angle as the 
above-mentioned angle. As shown in Fig. 2. the 
torque ripples A1 and B1 appear in an output 
torque exerted from the rotor lO.and the torque 
ripples A2 and B2 appear in the output torque 
exerted from the rotor. It will be understood from 
the illustration of Rg. 2 that, since the latter torque 
ripples A2 and B2 have a displacement "X/2" with 
respect to the former torque ripples A1 and 81, the 
torque ripple components A1 and A2 cancel one 
another out while the torque ripple components 81 
and 82 having the wavelength y are superimposed 
on one another to generate a different torque ripple 
812. the wavelength of which is the same as that 
"7" of the torque ripples 81 and 82. but the width 
of which Is different from the torque ripple 81 or 
82, 

Further, a like canceling and superimposing of 
the torque ripple components of the output torque 
from the rotor 10 occurs with respect to the third 
and fourth stage rotor elements 103 and 104, as 
shown in Fig. 2. Namely, the torque ripple compo- 
nents A3 and A4 having a displacement "X/2" 
cancel one another out. and the torque ripple com- 
ponents 83 and 84 are superimposed on one an- 
other to generate a different torque ripple compo- 
nent 834 having the same wavelength 7 and width 
as those of the above-mentioned torque ripple 
component 812. Accordingly, when the first pair of 
rotor elements 101 and 102 and the second pair of 
rotor elements 103 and 104 are arranged to be 
circumferentially shifted from one another by a 
physical angle corresponding to a half of the 
wavelength 7 of the torque ripple components 812 
and 834, these torque ripple components 81 2 and 
834 can cancel one another out, and consequently, 
two kinds of cyclic torque ripple components A and 
8 can be completely removed from the output 
torque of the rotor. 

Referring now to Fig. 3, another case is shown 
wherein three different torque ripple components A 
(the wavelength: X), 8 (the wavelength: 7). and C 
(the wavelength: h) contained in an output torque 
exerted from an electric synchronous motor are 
cancelled by a permanent-magnet included rotor 
structure of a synchronous motor according to a 
different embodiment of the present invention. 

In this embodiment, the rotor is constructed by 
2^ equal rotor elements axially arranged side by 
side, in the same manner as in the embodiment of 
Fig. 1. 



Similar to the embodiment of Fig. 2, the rotor 
of this embodiment has an arrangement such that 
first and second stage rotor elements constitute a 
first pair of rotor elements, the third and fourth 

5 stage rotor elements constitute a second pair of 
rotor elements, the fifth and sixth stage rotor ele- 
ments constitute a third pair of rotor elements, and 
the seventh and eighth stage rotor elements con- 
stitute a fourth pair of rotor elements, and that the 

70 two rotor elements of each of the first through 
fourth pair of rotor elements are arranged to be 
circumferentially shifted around the axis of the rotor 
by a physical angle corresponding to "X/2'' so that 
cyclic torque ripple components A1 and A2, A3 

75 and A4. A5 and A6, and A7 and A8 cancel one 
another out. Nevertheless, cyclic torque ripple 
components 812 and CI 2 having the wavelengths 
7 and 6 still remain in an output torque exerted by 
the first pair of rotor elements of the rotor. Also, 

£0 cyclic torque ripple components 834 and C34, 856 
and C56, and 878 and C78 having the wavelengths 
7 and 5. respectively, remain in an output torque 
exerted by the second through fourth pairs of rotor 
elements of the rotor. At this stage, since the first 

25 pair of rotor elements including the first and sec- 
ond stage rotor elements and the second pair of 
rotor elements including the third and fourth stage 
rotor elements are circumferentially shifted around 
the axis of the rotor by a physical angle cor- 

30 responding to a half of the wavelength "7". i.e., 7/2, 
the torque ripple components 812 and 834 cancel 
one another out. Similarly, since the third pair of 
rotor elements including the fifth and sixth stage 
rotor elements and the fourth pair of rotor elements 

35 including the seventh and eighth stage rotor ele- 
ments are circumferentially shifted around the axis 
of the rotor by the same physical angle as the 
above-mentioned angle '•X/2", the torque ripple 
components 856 and 878 having the wavelength X 

40 cancel one another out. When the torque ripple 
component 8 is canceled, the cyclic torque ripple 
component C, i.e., the components CI 234 and 
C5678 still remain in an output torque exerted by 
the rotor. At this stage, as a first section of rotor 

45 elements of the rotor including the first and second 
pairs of rotor elements, i.e., the first through fourth 
stage rotor elements and a second section of rotor 
elements of the rotor including the third and fourth 
pairs of rotor elements, i.e., fifth through eight 

50 stage rotor elements are circumferentially mutually 
shifted around the axis of the rotor by a physical 
angle corresponding to a half of the wavelength 5, 
i.e., 5/2, of the torque ripple component C, the 
torque ripple components CI 234 and C5678 cancel 

55 one another out. Accordingly, alt of the three kinds 
of torque ripples A. 8 and C appearing in the 
output torque exerted by the rotor of this embodi- 
ment can be cancelled. 
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Fig. 2 
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